ABSTRACT. The occurrence of Bovine Spongiform Encephalopathy (BSE, so called mad cow diseases) that was first identified in England in 1986 was considered as being limited to only European countries, including England. However, the outbreak in Asia as well as North America since 2001 has amplified the fear that there isn't any nation in the world that is a safe area. In order to assess the risk of BSE outbreak in each country, the Office International des Epizooties (OIE) and EU have respectively established criteria, where OIE has set 5 levels and EU has set 4 levels. The Scientific Steering Committee (SSC) of the European Commission conducted a Geographical BSE Risk(GBR) assessment for 64 nations, such as the United States, etc
BSE is a type of transmissible spongiform encephalopathies (TSE), an unlike the Creutzfeldt Jakob disease (CJD) which occurs only in human being and scrapies that occur in sheep, it is a type of a very rare anaplastic diseases that neuronal vacuolation in human beings and various types of animals. It is currently difficult to conduct an ante mortem diagnosis and therefore the diagnosis can be confirmed only through post mortem tissue test.
After confirmation of the first outbreak in England in 1986, BSE spread throughout only Europe up to 2000. However, since 2001, it is spreading to countries such as Japan (2001) , Israel (2002) , Canada (2003) , and the United States (case found in Canadian cattle in 2003. OIE classifies the United States as a BSE-free country) that is presumed to have imported meat bone meal (MBM) of sheep and cattle from countries, such as England, where there were outbreaks of BSE, for using it as cattle feed. There were a total of 189,000 outbreaks in 23 countries (excluding the United States) up to February 2005. Although people were interested in finding out what kind of adverse effect BSE had on human beings, it became a worldwide concern after the announcement of a study in England in 1996 that asserted that it could be transmitted into human beings [3, 7, 11] .
BSE is presumed to have developed from using the MBM of sheep that was infected with scrapies as cattle feed or from sporadic BSE case although it has not been recognized yet. It spread by using the MBM of cattle that was contaminated with BSE [4] .
CJD occurs [6] at a rate of 1 person per million people throughout the world every year, due to sporadic and genetic reasons in the age group of 50-75 years old, regardless of gender, and is also found in Korea. Unlike sporadic CJD, the variant CJD (vCJD) occurs [1, 2] mostly in the younger generation that are 14~40 years old that have ate specific risk materials (SRM), such as the brain and spinal cord of cattle infected with BSE. As of February 4, 2005 , a total of 170 vCJD cases have been identified throughout the world. However, it has been verified that BSE cannot be transmitted through milk [9, 10] that affects the diet of human beings, semen and muscle meat of cattle [5, 10] . It also has been verified that it does not transmit through embryo transfer [12, 13] .
As Korea has not received a Geographical BSE Risk (GBR) assessment up to now, this study laid emphasis on somewhat dissolving the curiosity of international organizations, such as the OIE, EU, etc., that are interested in learning about the risk level of BSE outbreak in Korea. Also, as there are statistics from EUROSTAT that shows exports of MBM from countries where there were BSE outbreaks, such as England, etc., to Korea, there is a possibility that the assertion that there were no such imports of MBM for feed purposes based on Korea's survey results, may not be reflected in the GBR assessment. Therefore, analysis of the survey was conducted so that it can provide a basis for pushing for an immediate countermeasure in case of an outbreak as well as complementing the defects through investigation assessment by itself of the risk level of BSE outbreak in Korea. Analysis of feed produced with animal ingredients, such as MBM, etc., and catering waste: A survey of 90 compound feed companies and 68 animal origins feed ingredient manufacturers was conducted as of December 2003. The production lines of these companies were surveyed to collect production data of compound feeds and animal origin feed ingredients and to analyze the possibility of mixture of cattle feed with animal ingredients, such as MBM. A survey was conducted on the control of 46 manufacturers of plate waste and the feeding practice of catering waste in 10,236 farm households.
MATERIALS AND METHODS

Analysis
Control of imported cattle: Survey and analysis of control of each animal as well as the BSE test at slaughtering for 632 heads of cattle that had been imported in 1993 from Canada and 762 heads of cattle that had been imported from the United States in October, 2003 was conducted by tracing back the farms that were feeding these animals.
Analysis of mingled feeding of cattle with other animals and cause of death: A total of 201,661 farm households raising cattle were surveyed to find out the pattern of mingled feeding of cattle with other animals. Also, an analysis of the reason for the death of 20,729 heads (2001-2003) was conducted among the 141,000 heads (2003) that had insured with the mutual aid insurance of the National Agricultural Cooperatives Federation.
RESULTS
Analysis of whether there were imports of MBM, Cattle, Bones and horncores for feed purposes from foreign countries:
In order to import feed ingredients into Korea, the importer needs to receive recommendations for receiving a concession tariff rate from the Korea Feed Ingredients Association. However, the Korea Feed Ingredients Association has not provided such recommendation and as there were no records of imports in the Korea Customs Service data, it is judged that there were virtually no imports of MBM, etc., for feed purposes from countries in Europe that had BSE outbreaks. However, as the data in the EUROSTAT show that various countries in Europe had exported MBM, etc., to Korea, an analysis was conducted by tracing back the import of MBM, etc., from 24 nations that had BSE outbreaks.
Countries where it was confirmed that there were no import export.
- Although it was difficult to confirm the fact as Korea does not have diplomatic ties with the exporting nation, countries where there were no imports in the import statistics.
- (May 7, 2002 ) that it did not have reliable data to confirm the accuracy of the information, and that problems can arise, due to the inaccuracy of the traders, illegal reports, error in putting the information into the computer, etc. When we met the people in the British Embassy at Seoul, They explained that it's very difficult to give us it because they didn't have any detail data until 1995. In addition, the British government reported they exported MBM of 1,354 tons as you see in Table 1 . Korea sent the mission to England, Belgium, Germany and Switzerland from May 4, 2003 to May 18 to trace back the European MBM exported in Korea. As result, We knew that there were some differences in EUROSTATE. In England, it is found that 21 tons out of MBM exported in Korea in 1993 was exported in Sri Lanka (June 27, 2003) . According to the EUROSTAT, which is EU's statistics, it shows that 1,380 MT of MBM had been exported to Korea from 5 nations that had BSE outbreaks, such as England, etc. However, according to Korean import statistics, there were no imports of MBM from England and EU.
Status of BSE inspection in Korea:
The total number of hanwoo (Korean native cattle) and dairy cattle being raised in Korea as of end of 2003 was approximately 2 million heads and the details are provided in Table 2 .
As can be seen in Table 3 , the BSE tests by type of animals was totally for normal animals amounting to 1,616 heads in 1996. Also, in 1997, among the 323 heads tested, 308 (including one animal with rabies) heads were normally slaughtered animals and only 15 heads were emergency slaughter animals. Although the type of animals subject to the test began to be diversified in 1998, that included tuberculosis, brucellosis, downer, cattle that were submitted for laboratory diagnosis, enfeeble and aged cattle, etc., but still out of a total of 8,677 heads that were tested from 1996 to 2004, 7,785 heads (89.7%) were normal animals that were brought in for slaughtering.
As for the age of the 8,677 heads that were tested for BSE from 1996 to 2004, 62 heads (0.7%) were under two years old, 3,715 heads (42.8%) were two years old, 2,004 heads (23.1%) were three years old, 1,154 heads (13.3%) were four years old, and 1,742 heads (20.1%) were five years old or older. As for by species, as can be seen in Table 4 , 4,256 heads (49.0%) were Hanwoo cattle, 2,227 heads (25.7%) were dairy cattle, 38 heads (0.4%) were cross bred cattle, 68 heads (0.8%) were dairy steer, 1,614 heads (18.6%) were unverified species, and 474 heads (5.5%: 32 heads from the United States, 50 heads from Canada, and 392 heads from Australia).
There weren't any BSE positive cases in these tests. Also, the Veterinary College of the Seoul National University could not find any cattle that manifested clinical signs that could be suspected as BSE in the clinical and epidemiological research that it conducted on 26,688 heads from September 1996 to March 1999. The import of 56 imported feed products are controlled by designating these products as being subject to verification by the Customs officer (June 2001) and products subject to mandatory reporting of imports (July 2001). When the import imports these products, the imported must submit certificates that it has not been contaminated with BSE and that it has not used ruminant origin animal feed.
Control of Animal Ingredient
The amount of animal ingredient feed has been dropping since 2000. The import of MBM, which is a major animal ingredient feed, has dropped from 2 With the crisis of BSE spread in Europe in early 2001, an onsite inspection of 98 places, such as compound feed manufacturing companies, were inspected to see if animal origin feed was being used for ruminant feed (January 2001). The inspection revealed that from 1997 to December 1, 2000, among the total of 198,000 MT that was mainly from Korean swine by products and MBM where tallow was the major ingredient 1,630 MT (0.8%) had been used for cattle feed and 99.2% had been used for swine poultry dog feed. The result of the detailed investigation on 12 suppliers that had supplied 198,000 MT of animal origin feed ingredients revealed that 76% of the ingredients were swine bones and lard, etc., and 24% was tallow, which is not relevant to BSE. Cattle bone and beef was not used as an ingredient at all.
An analysis was carried out to check for the possibility of cross contamination of MBM in compound feed factories in January 2003. As can be seen in Table 5 , among the total 91 companies, 76 companies (84%) were producing ruminant animal feed and 15 companies (16%) were not producing ruminant animal feed. Fifty-nine places (65%) had only one production line and 32 places (35%) had 2 or more production lines. Among the 32 companies that had 2 or more production lines, 28 places (including 14 places that had a separate production line for cattle feed) were producing ruminant animal feed and 4 companies were specializing in producing only swine poultry feed. The analysis revealed that 43 companies (63,000 MT) had the potential for using animal ingredients in the future. Over 91% of the total catering waste that is recycled is made into feed and composts. The remainder goes through sewage annexation treatment facilities and fuel facilities, etc. As for the production facilities, feed producing facility took up 47% of the total, with a daily capacity of 4,044 MT and next was the fertilizer producing facility with a daily capacity of 3,796 MT accounting for 44% of the total and sewage annexation treatment facilities took up 9% of the total with a daily production facility of 735 MT.
The number of farm households that were receiving catering waste feed from these catering waste feed manufacturers was 426 farms. Among these, 127 farms were raising swine, 198 farms were raising dogs, 46 farms raising duck, 46 farms raising chicken and 6 farms raising other species, such as ostrich turkey, etc. It was confirmed, as can be seen in Table 6 , that there were no farms that were feeding these products to ruminant animals.
Analysis of management of imported cattle: With the finding of BSE in Canada on May 21, 2003 and in the United States on December 24, 2003, a survey analysis was conducted on the management of imported cattle by tracing back the live cattle that had been imported from these countries (Table 7) . 1) Canadian cattle (1993) (1994) (1995) (1996) (1997) It was figured that 541 head of cattle had been imported from Canada from 1993 to 1997. Among these, 403 heads had been culled and 24 heads were being raised. It was impossible to trace back 114 heads. The total number of calves that were produced from imported Canadian cows was 559 heads, as of March 26, 2003 of which 520 heads had been culled and 39 calves were still being raised. The number of farms that either had raised or are raising imported Canadian cattle as of June 18, 2003 was 141 farm households. These farms were raising 10,409 heads of cattle. Based on the clinical BSE observation and the door to door inquiry of the farm owners, there were no suspected case of BSE in not only the 403 heads that had been culled but also in the 24 heads that are being raised. As for the 114 heads where the trace back was not possible, as it had greatly exceeded the average age for culling domestic dairy cattle (60.7 months: 3-4 births), it is judged that most of these animals have been culled. , among the 24 heads of cow, 13 heads had been slaughtered and inspected for BSE and was marketed, whereas 3 heads were slaughtered without being tested for BSE. One other head was culled without being tested for BSE and another head was sold to an assembler and thus it was impossible to trace back that cow. As for the 39 heads of calves, 12 heads are currently being fed and 27 heads were tested for BSE prior to slaughtering or culling. ) that had been imported prior to the import ban was put in place, it is judged that there are not any more of these cattle in the United States as they are 20-22 month old and are brought in for short -term feeding (maximum 6 months) and then slaughtered. The live cattle that were imported from the United States into Korea are 12-20 months old steers which are not the age for developing BSE and as they are slaughtered after short period of feeding (6 months) in Korea, they are not relevant to BSE and a 100% testing is conducted for these animals at slaughter. In addition to this, the health requirement for importation of live cattle requires that the animals be raised in the United States for a minimum of 6 months. Therefore, there should be no concern about cattle coming from Canada, where there had been BSE outbreaks, into Korea.
Analysis of farms raising cattle with other livestock: One of the reason why BSE is still found in the U.K. after it prohibited feeding of ruminant-origin MBM to ruminants is assumed to be farming practice of mixed-raising swine or poultry with cattle, and accordingly accidental cross-contamination of MBM feed for swine or poultry with cattle feed. In light of this assumption, livestock mixed-raising status was also studied in Korea. As can be seen in Table 8 , according to the survey on farms raising cattle to see if they are raising cattle with other livestock, conducted by the Ministry of Agriculture & Forestry from June 30 through November 3, 2003, it was found that 43,383 farm households which is 22% of the total 201,661 farm households were raising cattle with other livestock. The types of farms raising a mixture of species differed from a minimum of 2 species to as many as 6 species. The most common type of The species that fall under others are ostrich, turkey and wild geese. raising more than one species was cattle dog (30,886 farms), the second largest type was cattle goat (2,804 farms), the third largest type was cattle chicken dog (2,568 farms), and the fourth largest type was cattle dog goat (1,510 farms), and the six largest type was cattle swine (606 farms). Among these farm households, 20 farms were found to be in violation as having fed non cattle feed to cattle. In detail, these were farms raising cattle goat (6 farms), cattle dog goat (6 farms), cattle dog (4 farms), cattle chicken goat (3 farms), and cattle chicken dog goat (1 farm).
Analysis of handling of dead animals:
The total number of farms raising cattle and the number of cattle is 199,000 households and 2,133,000 heads, respectively. The analysis conducted for 3 years from 2001 to 2003 on the number of dead cattle and its cause of the death revealed that the total number of dead animals was rising every year from 2,755 heads in 2001, 7,620 heads in 2002 and to 10,354 heads in 2003. The survey was conducted only among the farms that had insured with the mutual aid insurance of the National Agricultural Cooperatives Federation as can be seen in Table 9 .
There were a total of 148 causes for the death of 20,727 heads, based on death certificates issued by veterinarians from 2001 to 2003. Excluding the 4 types of death caused by fire, flood, wind damage, and accidents, diseases caused the remaining 144 types of death. However, there was no BSE suspected case. However, as the BSE test was conducted for only 152 heads and as it is likely that the cause of death of the cattle prior to this period could have been handled ambiguously, there is room for Korea to be pointed out about the lack of significance in Korea's BSE inspection by foreign experts.
Possibility of Koreans developing vCJD: According to a recent study [8] , Korean people's genome type showed a MET/MET genotype frequency of 94.33% at Codon 129. This means that the risk of getting infected with vCJD is higher than the Japanese (93%) and about 3 times higher than the English people (36.79%). As can be seen in Table  10 , the United States had the highest per capita beef consumption (bone in basis) in major countries for 2002, mark- ing 45 Kg, Australians was 30.4 kg, and Japanese was 10.9 kg, whereas it was only 8.5 kg in Korea, which is 18.9% of the U.S. per capita. Although Korean's beef consumption may be low, as can be seen in Table 11 , there are many restaurants that serve SRM because of Korean's preference for SRM. This means that if BSE breaks out in Korea, the possibility of developing vCJD is higher than other countries. The total amount of by products that is produced in Korea per year is 10,200 MT (34 MT/day) and it is estimated that the consumption of by products should be much higher than this, if the imported portion is added to this figure.
DISCUSSION
As a result of the analysis of the BSE outbreak risk in Korea, it has been proven that there have not been any BSE outbreaks in Korea based on the following reasons. The reasons for such conclusion are: there has not been any outbreaks of scrapies in sheep which is considered as the origin of BSE; Korea does not use MBM in cattle feed; there has not been any suspected cattle, despite the fact that Korea has been conducting enhanced BSE inspection since 1996 at a rate that exceeds the OIE standard by 8 times; and although Koreans consume a lot of SRM, the fact that nobody has been infected with vCJD. However, there are still some weak points in conducting an accurate assay.
In the analysis of whether Korea had imported MBM for feed purposes, England replied (May 7, 2002) that it could have been an incorrect data in response to our request (January 15, 2002). It is also highly possible that it could have been bone ash that is irrelevant to BSE that was imported as an ingredient for processing china. Also, given the fact that there were no records of importing meat bone meal from Europe in the Korea Customs Service data, other than England, it is judged that the possibility of incorrect record input is more persuading, taking into consideration of the EU countries' practice of compensation trade without any country border. Therefore, as the possibility of Korean cattle eating MBM from Europe is very unlikely, it is judged that there is no possibility for BSE outbreak caused by European MBM.
Although, Korea has not had any BSE outbreaks, the fact that Korea could not find any suspicious BSE cases, despite the testing that exceeded OIE standards by 8 times, is evidence that there has not been any BSE cases in Korea. However, as 89.7% of the cattle tested were brought into the slaughterhouse for slaughtering, there seems to be a need for selecting cattle with more significance, such as downers and dead animals.
A survey of the compound feed factories revealed that out of a total of 91 compound feed factories, only 14 factories were operating separate production lines for cattle feed as of January 2003. The need for establishing measures to pre- vent MBM feed from getting mixed together is pressing in other factories. However, as it turned out that there were no imports of MBM from European countries that had BSE outbreaks, it is judged that there is no need for concern over MBM that is contaminated with BSE getting mixed in compound feed. Putting all accounts of the result of the survey on feeding catering waste, most of them were being supplied to farms raising dogs and some were being supplied to farms raising swine chicken, duck, etc., but none of these were being fed to ruminant animals. Also, as the catering waste are used by small scaled farms that easily give up or start raising the livestock, depending on the feed price and fluctuation of livestock prices, difficulty in controlling the farms feeding such feed always existed. Also, although the livestock with monogastric stomach, such as the swine chicken, etc., are not relevant to BSE, as they can still be a cause for transmitting foot and mouth diseases, classical swine fever, it is judged that continued and strict controls of these animals are also needed.
An investigation was conducted on imported cattle when there was a BSE outbreak in the exporting country. During the investigation conducted when the outbreak took place on May 23, 2003 and June 18, 2003, 93 heads of fully grown cows and 107 heads of calves were being raised at that time.
These animals are subject to special control, such as confinement in movement as well as BSE test at the time of slaughter. There were no suspected cases of BSE found up to December 24, 2004 in 4 rounds of investigation. However, although very seldom, as there are cases where these cattle are being slaughtered without being tested for BSE, a special control of imported cattle is even more needed.
An analysis of the possibility of BSE outbreak in farms raising cattle with other species was conducted. As of January 3, 2003, among the 201,661 farms surveyed, 43,383 farms equal to 22% of the total number of farms surveyed were raising cattle with other species. Among these, 20 farm households (0.01%) were found to have fed cattle with compound feed produced for other species. However, as scrapies and BSE are not found in Korea, it is judged that there isn't any possibility for BSE outbreak in Korea, even if there were a small amount of cross contamination at 20 farm households. To summarize the analysis conducted on the risk assessment of BSE outbreak in Korea, it was confirmed that it would not be that difficult to maintain the BSE free status in Korea if improvement measures to address the weak points listed above are gradually enforced, given the fact that there were not any MBM imports from Europe where there were many cases of BSE outbreaks, and as the risk of BSE outbreak is minimum even if local MBM or MBM imported from BSE free countries are mixed at the compound feed factories in small amounts.
